A classical paradigm in population genetics is that homozygosity or inbreeding affects individual fitness through increased disease susceptibility and mortality, and diminished breeding success. Using data from an insular population of mouflon (Ovis aries) founded by a single pair of individuals, we compare embryo number of ewes with different levels of inbreeding. Contrary to expectations, ewes with the highest levels of homozygosity showed the largest number of embryos. Using two different statistical approaches, we showed that this relationship is probably caused by heterozygosity at specific genes. The genetics of embryo number coupled with cyclic dynamics could play a central role in promoting genetic variation in this population.
INTRODUCTION
Inbreeding is known to affect individual fitness (Frankham et al. 2002) by the expression of deleterious recessive alleles and/or the loss of heterozygote advantage in homozygous inbred individuals (Keller & Waller 2002) . In animals, inbreeding has been found to reduce reproductive success characteristics such as fertility, litter or clutch size and juvenile survival (Keller & Waller 2002) . In plants, inbreeding is also known to reduce seed production and germination (Husband & Schemske 1996) .
Individual inbreeding is best quantified using pedigree information (Pemberton 2004) . However, in natural populations, pedigrees are often not available or difficult to obtain, and pedigree-based indices of inbreeding are often replaced by molecular indices, such as standardized multi-locus heterozygosity (MLH; Coltman et al. 1999) . The average heterozygosity of an individual, however, may not accurately represent genome-wide heterozygosity, and therefore, may not reflect its general level of inbreeding appropriately (Balloux et al. 2004) . The relationship between heterozygosity measured by molecular markers and general level of inbreeding can be improved by using a very large number of loci (Balloux et al. 2004) . Furthermore in small or recently bottlenecked populations, linkage disequilibrium (LD) increases the correlation between heterozygosity and inbreeding (Hansson & Westerberg 2002 , see also Slate et al. 2004 for discussion).
Using data from an insular population of mouflon (Ovis aries) founded by a single pair of individuals (Chapuis et al. 1994) , we compare embryo number of ewes with different levels of inbreeding estimated by MLH from 24 microsatellite loci. Approximately 34% of females produced twins in this population (Boussès & Réale 1998) , which exceeds the twinning rate for European mouflon populations (2.5-20.7%; Garel et al. 2005) . We then tested whether the embryo number was related to the overall level of inbreeding or local effects using a logistic regression approach and by calculating the H-H correlation (Balloux et al. 2004 ). (Chapuis et al. 1994) . In 1994, 54 females were culled and total mass of carcass (i.e. mass without the internal organs) measured. Forty-two ewes were pregnant and the number of developed embryos counted. Based on the number of definite incisors, all these females were age 2 and older, but we could not determine the age of females with precision. In other feral sheep, ewes between 2 and 6 years of age have identical fecundity (Clutton-Brock et al. 1996) . Given the short lifespan observed here (Kaeuffer et al. 2007a) , few ewes probably reached 6 years of age. We therefore estimated that 10 generations have elapsed from the introduction to 1994.
MATERIAL AND METHODS

(b) Genetic analyses
We genotyped tissue samples collected from culled ewes at 24 microsatellite loci (ARO28, HEL10, MCM64, MCM152, BM3413, BM848, HUJ177, MAF64, MCM527, TGLA13, Ilsts059, TGLA176, RT1, AGLA226, Il2ra, MCM218, NRAMP, OarCP49, TEXAN4, DRBps, INRA26, oMHC1, TGLA387 and MAF33; see Kaeuffer et al. 2007a ,b for details) to estimate multilocus standardized heterozygosity (MLH; Coltman et al. 1999) . Chromosomal positions were determined from the sheep genomic map (Maddox et al. 2001) .
(c) Statistical analyses To test for the relative effect of MLH and body mass on embryo number in pregnant ewes (i.e. one versus two embryos), we ran a generalized linear model (with a binomial distribution and a log link function), including MLH, body mass and their second-order interaction. We then determined whether embryo number was related to the overall level of inbreeding or to local effects by modelling the probability of producing two embryos as a function of heterozygosity at each locus. We used the false discovery rate method (FDR) to correct our results for multiple testing using the fdrtool function (Strimmer 2007) Two pairs of loci ( NRAMP-ARO28 and TGLA387-oMHC1) linked to TEXAN4 and DRBps, respectively, and located within 3 centimorgans ( Maddox et al. 2001) , showed similar but nonsignificant effects on embryo number (figure 2). The NRAMP locus (not shown in the figure) was characterized by a particularly strong but non-significant effect size (effectZK9.544, s.e.Z29.052, pZ0.742) due to the absence of heterozygous individuals with twins for that locus.
After removing the loci with a significant effect on embryo number, the relationship between MLH and litter size was reduced but still significant (LRTZ 10.555, d.f.Z1, pZ0.001). We observed a relatively low H-H correlation (rZ0.216G0.004; averageGs.e.).
DISCUSSION
Our study is the first to show a negative effect of MLH on embryo number in an unmanaged population. The positive effect of body mass has also been observed in feral Soay sheep (Clutton-Brock et al. 1996) . The effects of MLH here contrast with conventional population and conservation genetic expectation of a negative effect of homozygosity on progeny number (Keller & Waller 2002 ). An increase in multiple births with inbreeding has been observed in captive chimpanzees, Pan troglodytes (Geissmann 1990) . Inbreeding, however, was estimated from pedigree information and could not separate genomewide and local effects.
We identified three chromosomal regions close to the loci TEXAN4 (chromosome 2; Maddox et al. 2001) , DRBps (chromosome 20; Maddox et al. 2001 ) and BM848 (chromosome 10; Maddox et al. 2001) , which may affect embryo number. This indicates that genes other than Booroola and Lacaune (chromosomes 6 and 11, respectively; Davis 2005) influence fecundity in O. aries. However, due to small samples sizes, we were unable to model the additive effects of specific alleles at these loci. The low H-H correlation suggests that MLH was weakly correlated with the individual level of inbreeding (approx. 10-30%; figure 3 in Balloux et al. 2004) and reinforces the idea that correlation between embryo number and MLH may result from local effects rather than general inbreeding level.
However, a significant and negative relationship between MLH and embryo number was still observed after removing the three loci with a significant effect. This may be because other marker loci are in LD with DRBps and TEXAN4 (figure 2). LD is expected between physically linked markers and also between unlinked markers in populations undergoing strong bottlenecks. We observed strong LD (mean r LD Z0.146; range: 0-0.749; Hill & Robertson 1968) , which was significant for some loci separated by more than 40 cM (i.e. Il2ra and MCM152), and also between the three loci and loci on other chromosomes (e.g. MAF33 linked to DRBps, see also Kaeuffer et al. 2007b) . Thus, in addition to the specific effects of DRBps, BM848 and TEXAN4 on embryo number, we cannot rule out the contribution of genome-wide effects generated by LD to the correlation between embryo number and MLH.
We observed a high level of dizygotic twins (at least 9 out of the 19 pairs observed). This form of twinning is partially controlled by genes (Hoekstra et al. 2008) , supporting the evidence for genetic effects on embryo number in the mouflon population. The exceptionally high twinning rate of the Kerguelen population (33.8%) and of the ancestral population (Boussès & Réale 1998) suggests that the mutations were present in the island founders. The strong founder effect at Kerguelen, coupled with the isolation of the population, has probably facilitated the increased frequency of recessive homozygous individuals at loci involved in twin production.
The Kerguelen mouflon exhibits cyclic population dynamics and an increase in heterozygosity over the time (Kaeuffer et al. 2007a) . The genetics of litter size coupled with the cyclic dynamics could play a Inbred ewes produce more twins R. Kaeuffer et al. 505 central role in promoting genetic variation (Hedrick 2007) . Thus, homozygous twinning ewes may suffer higher costs of reproduction and increased mortality during population's crashes (Clutton-Brock et al. 1996) , which may increase average heterozygosity in the population over time. This cyclic selection, acting only on females, could contribute to the maintenance of genetic polymorphism in wild populations (Reinhold 2000; Hedrick 2007 ).
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